4.0 MODELING RESULTS

This section discusses the results of estimating the fixed
effects described in Section 3. These results are based entirely
on the sanpling results obtained in the CAP Study. The
assessnent of abatenent efficacy presented here is based on a
conpari son of levels in abated houses with [ evels in unabated
houses previously identified as being relatively free of |ead-
based paint, and not on a conparison of post- to pre-abatenent
| ead |l evels. Therefore, this is an indirect assessnent.
Conparisons of pre-abatenent lead |levels with the results
observed in the CAP Study are discussed in Section 7, along with
ot her study results.

Included in this section are estimates of the differences in
| ead | oadi ngs, | ead concentrations, and dust | oadi ngs anong
houses with different abatenent histories —primarily abated vs.
unabat ed and encapsul at ed/ encl osed vs. renoval. This is followed
by a discussion of the observed variability between houses,
roons, and sanpling | ocations.

Ef fects of other specific abatenent factors are al so
presented here, including total abatenent square footage,
(interior and exterior), specific renoval nethod applied
(chem cal stripping, heat gun, etc.), and differences anong
houses abated by different contractors. |In addition, systematic
effects of non-abatenment factors are estimated. These include
ownership factors such as age of the house, and questionnaire
i nformation, such as

- occupations of residents
- ages of occupants

- neasures of cleanliness
- activities of occupants
- ownership.
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Sonme factors were associated with differences at the sanple

| evel . These include:
. Substrate type and condition
. XRF measures taken prior to abatenent
. Sanpl i ng devi ati ons.

These factors were controlled for in the analysis and their
i npacts were estimated. Sone variables, such as XRF neasures
taken prior to abatenent, were strongly correlated with the
primary design abatenent variables. As discussed in Section 3,
these were adjusted so that they would not mask the effects of
abat enment .

4.1 SUMMARY OF MODELING RESULTS
A sunmmary of the primary results discussed here is presented

in Tables 4-1 and 4-2. Table 4-1 presents geonetric nean | ead

| oadi ng, | ead concentrations, and dust |oading for each type of
sanple collected, along with estimtes of the differences between
abat ed houses and unabated houses, and estimtes of the

di fferences between E/ E houses and renoval houses. Table 4-2
provi des estimates of the differences in these responses between
unabat ed roons of abated houses, and abated roons of the sane
houses. The information in these tables is supported with
further detail in Section 4.2.1.

The i ndirect assessnent of abatenent efficacy found that
abat enent appears to have been effective, in the sense that there
is no evidence that post-abatenent |ead | evels at abated houses
are significantly different than | ead | evels at unabated houses
found to be relatively free of |ead-based paint. There were two
exceptions to this statenment; however, both of these exceptions
were anticipated and are logically explained. First, |ead
concentrations in air ducts were significantly higher in abated
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houses than in unabated houses; air ducts were not abated in the
HUD Denonstration. |In addition, |ead concentrations in the soi
out si de abated houses were significantly higher at the foundation
and at the boundary than corresponding | ead concentrations
out si de unabat ed houses.
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Table 4-1.

Summary of Effects of Significant Primary Abatement Factors

Ceonetric Mean i n Unabat ed
Houses Based on Mbde

Rati o of Levels in Abated
Houses! to Those in

Ratio of Levels in E/E
Houses to Those in

Esti mat es Unabat ed Houses Renoval Houses
Lead Lead Dust Lead Lead Dust Lead Lead Dust
Conponent os. Load Conc. Load Load Conc. Load Load Conc. Load
pg/ ft?2 ug/ g mg/ ft?2 pg/ ft?2 ug/ g nmg/ ft?2 pg/ ft?2 ug/ g nmg/ ft?2
Dust
Ai r Duct 86 76 332 202 4. 70* 1.59* 3.11 3.99* 2.01* 1.80
W ndow Channel 83 1604 851 1857 0. 86 0.98 0. 88 0. 54 1.46 0. 37
W ndow St ool 113 38 416 92 1.84 1.70 1.09 2.51 1.77 1.42
Fl oor (W pe)? 65 0.93
Fl oor (Vacuum 233 16 137 118 1.76 1.03 1.65 2.02 1.30 1.55
Interior Entryway 90 191 183 1055 1.05 0. 85 1.19 1.15 0.95 1.24
Exteri or Entryway 97 220 184 1152 2.24 1.19 1.95* 1.09 1.01 1.07
Sai |
Entryway (Soil) 109 126 1.48 1.26
Foundation (Soil) 88 86 1. 82* 0.81
Boundary (Soil) 120 86 1.63* 1.27

For interior sanples,
2Fl oor wi pe sanples were only collected in abated units;

controlling

for significant factors.
*Significant at 5% evel

these represent ratios of levels in abated roons of abated houses to those in unabated houses.
the geometric nean in abated units was 11.3 after




Table 4-2. Ratio of Levels of Unabated rooms
to those i1n Abated Rooms, both Within
Abated Houses

Lead
Component Lead Loading | Concentration | Dust Loading
Ai r Duct 0.73 0.79 0.91
W ndow Channel 0. 39 0. 61 0. 65
W ndow St ool 0. 67 0. 69 0. 96
Fl oor (Vacuum 0. 56 0. 87 0. 65
I nterior Entryway 1.63 1.28 1.31

However, soil was al so not abated during the HUD Denonstrati on;
and these higher lead levels mght in part be due to differences
in the age of these houses, since on average the abated houses in
this study were 17 years ol der than unabated houses. As with the
caveat stated above, these results nust also be tenpered by the
fact that not finding a significant difference in |ead | evels at
abat ed and unabat ed houses for all other building conponents and
sanpling | ocations does not prove that no such differences exist.
The CAP Study was designed to detect two-fold differences between
| ead | evel s at abated and unabat ed houses under specified

vari ance assunptions. For exanple, although the estimate of 1.76
for the ratio of |ead | oadings on floors in abated to unabated
houses was not significantly different fromone, the 95 percent
confidence interval for this ratio was from about 0.87 to 3.5.
That is, differences as large as a factor of 3 could not be
judged to be statistically significant.

The CAP Study al so assessed abatenent by conparing
encapsul ati on and encl osure nethods versus renoval nethods. No
significant differences anong |lead |levels could be attributed to
these two types of abatenent nethods, except for air ducts which,
as stated above, were not abated. Air duct dust lead | evels were
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hi gher in houses abated primarily by encapsul ati on and encl osure
met hods than in houses abated prinmarily by renoval nethods.

Wth regard to the second study objective, lead | evels were
found to vary greatly for different nmedia and sanpling | ocations.
M ni mum i ndi vi dual | ead concentrations for nost sanple types were
typically on the order of 10 pg/g except in air ducts and w ndow
channel s where levels were at |east 50 pg/g. Maximum indivi dual
| ead concentrations were | owest for boundary and entryway soil
sanples (1073 and 1068 ug/ g, respectively) and hi ghest for w ndow
st ool and wi ndow channel dust sanples (48,272 and 45, 229 ug/ g,
respectively). Mninmumindividual |ead |oadings for all sanple
types were typically only 1 to 4 pg/ft?  Maxi mum i ndividual |ead
| oadi ngs were | owest for floor dust sanples (334 pg/ft? by wi pe
and 11,641 pg/ft? by vacuun) and hi ghest for wi ndow channel dust
sanpl es (244,581 ug/ft?).

Dust | ead | oadings were also evaluated in conparison with
the HUD i nteri mdust standards. GCeonetric nean |ead | oadings for
both floors and wi ndow stools at both abated and unabated houses
were found to be well below their respective HUD standards of 200
and 500 pg/ft2  Geonetric nean floor |ead | oadings were al so
bel ow t he EPA standard of 100 pg/ft? (EPA, 1994). |In addition,
for both floors and wi ndow stools, nore than 75 percent of the
sanples collected in the CAP Study had | ead | oadi ngs bel ow their
respective standards, in both abated and unabat ed houses.

However, geonetric mean wi ndow channel |ead | oadings at both

abat ed and unabat ed houses were found to be well| above the HUD
interimstandard of 800 pg/ft? and well over half of individual
observations were above this standard, at both abated and
unabat ed houses. These results indicate that perhaps even houses
identified by XRF as | acking significant anounts of |ead-based
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pai nt may have levels in the wi ndow channels in excess of the HUD
st andar d.

One cautionary note should be nentioned concerning the
interpretation of the differences observed in houses abated by
the different nmethods. Mst of the houses which had extensive
abat enent perforned were abated by E/E nethods. This may suggest
that lead |l evels were often greater in the houses selected for
abatenent by E/E nmethods. In other words, the results presented
here indicating that | ead | evels were higher after abatenent by
E/E methods nay sinply be a reflection of higher initial paint,
soil, and dust lead levels in these houses. In nost cases
results were not significantly different.

4.2 DETAILED MODELING RESULTS
4.2.1 Analysis of Abatement and Random Effects
This section presents estimted effects of the various

abatenent factors considered in the study on |l ead | oading, |ead
concentration, and dust |oading for each sanple type coll ected.
These estimates are to be interpreted as having been corrected
for other practical effects found to be significant (e.g.,

owner shi p, XRF neasurenents, cleanliness, substrate, etc.). Also
described in this section is uncontrolled and unexpl ai ned random
vari ation from house to house, roomto room (or side to side),
and within rooniside for each sanple type.

In many cases these nunbers are |ower than the total nunber
of sanpl es because of m ssing values of significant covari ates.
For instance, in sonme cases, the housing unit resident
interviewed did not know the answers to sonme of the questionnaire
itens (e.g., ownership. cleanliness neasures, etc.). Table 4-3
descri bes the nunber of sanples used in the statistical analysis
for each sanple type, the nunber of sanples used in fitting the
nodel , and the percentage of sanples excluded fromthe node
fits. The nunber of m ssing values were fewer than 20 for nost
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sanpl e types. However, for foundation soil sanples, 30
observations were excluded. For this sanple type, the HUD
Denonstrati on XRF neasures were found to be a significant factor
and there were several observations in the CAP Study for which
there was no correspondi ng XRF neasure avail able. There was al so
a substantial proportion of sanples excluded fromthe nodel fit
for air ducts.

Table 4-3. Summary of Samples Excluded from Model Fit
Due to Missing Data on Covariates

Number of Number of

Samples Samples Included | Percent

Analyzed* in Model Fit Excluded
Dust | Air Duct 109 86 21
W ndow Channel 98 83 15
W ndow St ool 113 113 0
Fl oor (W pe) 67 65 3
Fl oor (Vacuum 238 233 2
Entryway Interior 100 90 10
Entryway Exterior 97 97 0
Soi | Ent r yway 109 109 0
Foundati on 118 88 25
Boundary 120 120 0

*Excl udes sanples identified as outliers. See Section 8 for a
di scussion of the outlier analysis.

Effects of Primary Abatement Factors

Tabl e 4-4 displays estimates of the effects of the primary
abatenent factors on | ead | oadings. Table 4-5 displays the
estimated effects of the primary abatenent factors for |ead
concentrations. Table 4-6 provides the corresponding results for
dust | oadi ngs.
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The first colum provides the nunber of sanples included in
the nodel for each sanple type. The second colum in these
tabl es contains the estimted geonetric nmean in houses which were
not abated. The estimate is to be interpreted as the average
| ead | oadi ng i n unabat ed houses when the covariates included in
the nodel are fixed at the nomnal |evels of other significant
factors. Effects of these factors are discussed in a |ater
section. The log standard error of these estinmates appears in
par ent heses bel ow each esti mate.

Figure 4-1 displays estinmated geonetric neans in unabated
houses by sanple type for |ead | oading, |ead concentration and
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Table 4-4.

Estimates! of Effects of Primary Abatement Factors on Lead Loading;
Controlling for Significant Covariates

@ @ (€©)) () (©) (©)
Standard Deviation Estimates
Geometric Mean Ratio of (@) (€)) (€©))
No. of in Unabated Ratio of Levels in
Samples/ Units After Levels in Ratio of Unabated Unit-to- Residual
Denominator Controlling Abated Rooms Levels in Rooms of Unit Log Room-to- Log
Sample Degrees of for Effects of of Abated E/E Units to Abated Units Standard Room Log Standard
Type Freedom Significant Units to those in to those in Deviation Standard Deviation
Factors those in Removal Abated Rooms Deviation
Unabated units of Abated
uUnits uUnits
Air Duct 86 76 4.70* 3.99* 0.73 1.52
(Vacuum) (35) (0.52) (0.61) (0.68) (0.39) (0.86)
.016 .049 .432 .002
Window 83 1604 0.86 0.54 0.39 1.08
Channel (26) (0.60) (0.68) (0.80) (0.53) (0.81)
(Vacuum) .831 .448 .091 .071
Window 113 38.1 1.84 2.51 0.67 0.93 1.
Stool (60) (0.39) (0.50) (0.57) (0.43) (0.75)
(Vacuum) .231 2111 -366 -130
Floor 65 0.93 0.71 0.56
(Wipe)? (32) (0.34) (0.44)
0.833 -008
Floor 233 16.2 1.76 2.02 0.56 0.00 1.27 0.93
(Vacuum) (105) (0.29) (0.35) (0.36) (0.33) (0.53)
.105 .053 .087 -000
Entryway 90 191 1.05 1.15 1.63 0.00 1.48
(Interior (G4 (0.3D) (0.38) (0.44) (0.41D)
Vacuum) .902 .754 .244
Entryway 97 220 2.24 1.09 0.91 1.47
(Exterior (46) (0.37) (0.44) (0.50) (0.69)
Vacuum) .071 .869 .076




' Top value is multiplicative estimate, middle value is logarithmic standard error of estimate, and bottom value is observed

significance level.
2 Floor wipe samples were only collected in abated units; the geometric mean in abated units was 11.3 after controlling for

significant factors.

* Significant at 5% level.
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Table 4-5. Estimates! of Effects of Primary Abatement Factors on Lead Concentration;
Controlling for Significant Covariates
@ @ (€©)) @ (©) ()
Standard Deviation Estimates
Geometric Mean Ratio of (@) (€)) (€©))
No. of in Unabated Ratio of Ratio of Levels in
Samples/ Units After Levels in Levels in Unabated Unit-to- Residual
Denominator Controlling Abated Rooms E/E Units to Rooms of Unit Log Room-to- Log
Sample Degrees of for Effects of of Abated those in Abated Units Standard Room Log Standard
Type Freedom Significant Units to Removal to those in Deviation Standard Deviation
Factors those in units Abated Rooms Deviation
Unabated of Abated
uUnits uUnits
Air Duct 86 332 1.59* 2.01* 0.79 0.00 0.79
(Vacuum) (35) (0.19) (0.23) (0.24) (0.23)
.049 -006 -301
Window 83 851 0.98 1.46 0.61 0.80 1.12
Channel (26) (0.44) (0.51) (0.59) (0.40) (0.60)
(Vacuum) -970 .529 .217 .074
Window 113 416 1.70 1.77 0.69 0.80 1.30
Stool (60) (0.30) (0.39) (0.44) (0.3D) (0.57)
(Vacuum) -176 -199 .251 .054
Floor 233 137 1.03 1.30 0.87 0.00 0.71 0.77
(Vacuum) (105) (0.18) (0.22) (0.23) (0.22) (0.35)
.888 .258 .534 -000
Entryway 90 183 0.85 0.95 1.28 0.49 0.84
(Interior (34 (0.22) 0.27) (0.3D) (0.26) (0.41D)
Vacuum) .561 .876 .341 .154
Entryway 97 184 1.19 1.01 0.52 0.89
(Exterior (46) (0.22) (0.26) (0.29) (0.41D)
Vacuum) .509 .976 .097
Entryway 109 126 1.48 1.26 0.37 0.71 0.40
(Soil) (12) (0.18) (0.21D) (0.24) (0.35) (0.38)
.087 -365 .284 .001




€Y @) (€©) @) ®) ®)

Standard Deviation Estimates

Foundation 88 86 1.82* 0.81 0.12 .44 0.28
(Soil) (14) (-14) (0.20) (0.28) (0.23) (0.26)
.009 .452 772 .004

Boundary 120 86 1.63* 1.27 0.37 0.44 0.21
(Soil) (20) (0.13) (0.15) (0.18) (0.24) (0.22)
.004 .205 .021 .000

' Top value is multiplicative estimate, middle value is logarithmic standard error of estimate, and bottom value is observed
significance level.

* Significant at 5% level.
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Table 4-6. Estimates! of Effects of Primary Abatement Factors on Dust Loading;
Controlling for Significant Covariates
(€H) @ (€©)) ) (©) ()
Standard Deviation Estimates
Geometric (@) ®3) (€©))
Mean in Ratio of
No. of Unabated Ratio of Levels in
Samples/ Units After Levels in Ratio of Unabated Residual
Denominator Controlling Abated Rooms Levels in Rooms of Unit-to- Room-to- Log
Sample Degrees of for Effects of Abated E/E Units to Abated Units Unit Log Room Log Standard
Type Freedom of Units to those in to those in Standard Standard Deviation
Significant those in Removal Abated Rooms Deviation Deviation
Factors Unabated Units of Abated
Units Units
Air Duct 86 202 3.11 1.80 0.91 1.45 .00
(Vacuum) (35) (.48) (.57) (0.63) (0.34) (0.79)
.053 .356 777 .001
Window 83 1857 0.88 0.37 0.65 0.94 .06
Channel (26) (0.46) (0.52) (0.61) (0.38) (0.70)
(Vacuum) .814 .116 .261 .075
Window 113 92 1.09 1.42 0.96 0.38 .08
Stool (60) (0.21D) (0.28) (0.30) (0.26) (0.42)
(Vacuum) -759 -265 .876 -398
Floor 233 118 1.65 1.55 0.65 0.44 0.84 0.85
(Vacuum) (105) (0.24) (0.29) (0.3D) (0.25) (0.43) (0.45)
.089 .165 .088 .301 -000
Entryway 90 1054 1.19 1.24 1.31 0.00 .06
(Interior (G4 (0.22) (0.28) (0.3D) (0.29)
Vacuum) .539 .492 .364
Entryway 97 1152 1.95* 1.07 0.40 .19
(Exterior (46) (0.25) (0.30) (0.33) (0.50)
Vacuum) .029 .836 .524
' Top value is multiplicative estimate, middle value is logarithmic standard error of estimate, and bottom value is observed

significance level.

* Significant at 5% level.
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Figure 4-1. Geometric mean lead loading, (ug/ft?), lead
concentration (ug/g), and dust loading (mg/Zft?) in
unabated units after controlling for effects of
significant factors.

dust | oading. Sone interesting points to note regarding these
geonetric neans are as foll ows:

. The hi ghest | ead | oadi ngs were observed in the w ndow
channel s, and the | owest were observed on fl oors.

. There was very little distinction between interior and
exterior entryway dust sanples in unabated houses, both
for | ead concentration and dust | oadi ng.

. Ent ryway dust | oadi ngs were higher than those in the
air ducts.

. Entryway soil |ead concentrations were higher than
boundary or foundation concentrations in unabated
houses.
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One thing to keep in m nd when observing dust |levels on floors
(and interior entryways) is that substrate was an inportant
differentiating factor. The geonetric neans presented are based
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on the observed aggregate average across substrates. The ratios
of average levels on different substrates to this geonetric nean
are described in Section 4.2.4. For instance, dust |oading and
therefore, |ead | oading, were nuch higher than average on carpet.

The fourth colum in Tables 4-4, 4-5, and 4-6 displays the
estimated ratio of levels in abated roons of abated houses to
| evel s in unabated houses. The fifth columm contains the
estimated i npact of abatenent nethod, which should be interpreted
as the ratio of levels in abated roons of typical E/ E houses to
| evel s in abated roons of typical renoval houses (see Section
3.2). The sixth colum in these tables gives an estimate of the
ratio of levels in unabated roons of abated houses to levels in
abated roons of abated houses. The |og standard error and
significance | evel of these estinmates appear beneath each
estimate. The latter represents the observed significance of a
test that the ratio equals 1.

The followng are the statistically significant results for
the estinmated effects of primary abatenent factors:

. Air Ducts -- Lead |oadings and | ead concentrations were
hi gher in abated houses than in unabated houses. Lead
| oadi ngs and | ead concentrations were higher in E/E
houses than renoval houses.

. Soil Sanples -- Lead concentrations in soil outside
abat ed houses were consistently greater than those
out si de unabat ed houses. This was especially evident
in foundation sanples, followed in magnitude by
boundary sanpl es.

. Exterior entryway -- Dust |oadings were higher in
abat ed houses than in unabated houses.

There were ot her differences observed which were not
statistically significant, but worth noting:
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. Fl oors (Vacuun) -- Lead | oadings were higher in E/E
houses than in renoval houses (p=.053). Lead | oadings
and dust | oadi ngs were higher in abated houses than in
unabat ed houses (for |ead | oadings p=.105; for dust
| oadings p=.089). Lead |loadings were lower in
unabat ed roons of abated houses than in abated roons
(p=.087).

. Exterior Entryway -- Lead | oadi ngs were higher in
abat ed houses than in unabated houses (p=.071).

. Soil Samples -- Lead concentrations in entryway soil
sanpl es outsi de abated houses were greater than those
out si de unabat ed houses (p=.087).

The estimates fromcolums 4, 5, and 6 of Tables 4-4, 4-5,
and 4-6 are displayed graphically in Figures 4-2, 4-3, and 4-4
for |l ead | oading, |ead concentration, and dust | oading,
respectively. (Figures 4-2 and 4-3 duplicate Figures 1-1 and
1-2, respectively.) Reference lines are provided on these plots
at a level of one. An asterisk indicates that the effect was
significant at the 5 percent level. A bar which rises above the
reference line for the “Abatenent' factor indicates that for this
sanpl e type levels were higher in abated houses than in unabated
houses. A bar which rises above the reference line for the
"Method (EFR)' factor indicates that the levels in E/E houses
wer e higher than those in renoval houses. |If the 'Unabated roon
effect is greater than one, then levels in unabated roons of
abat ed houses were higher than in abated roons.

The nost significant difference between abated and unabated
houses was observed in the air ducts for |ead | oadings and | ead
concentrations. Perhaps nore striking in these figures is the
frequency with which the '"Method (E/R)' bar rises above the
reference line. As nentioned above, this indication that E/E
houses have hi gher |ead | evels than renoval houses could sinply
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be a reflection of a nore serious initial |ead problemin the EHE
houses.
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Figure 4.2 Estimated multiplicative effects of abatement from
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significance at the 5% level).
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Figure 4.3 Estimated multiplicative effects of abatement from
mixed model ANOVA: Lead Concentration (Cindicates
significance at the 5% level).
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Figure 4.4 Estimated multiplicative effects of abatement from
mixed model ANOVA: Dust Loading (Cindicates
significance at the 5% level).

Simlarly, the figures portray |Iower levels in the unabated
roons of abated houses than in abated roons of the sanme houses.
This indicates that abatement performed in the roons that needed
it did not reduce lead levels to the baseline levels found in
unabated roons that did not require abatenent.

In order to obtain estinmates of average | ead | oadings, |ead
concentrations, or dust loadings in typical abated houses,
mul tiply the geonetric nmean in colum three by the ratio estinmate
in colum four in Tables 4-4, 4-5, or 4-6, respectively. As an
exanpl e, consider the estimation of the average |ead
concentration on floors. First, the average | ead concentration
on the floors of typical abated houses is obtained by nultiplying
the estimate of the geonetric nean in unabated houses (colum
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three of Table 4-5) by the ratio of levels in abated houses to
t hose in unabated houses (colum four of Table 4-5):

137 x 1.03 = 141.1 ug/g. (4-1)

Table 4-7. Exponents for Deriving Geometric
Means 1n E/E and Removal Houses

Exponent for Exponent for

Sample Type E/E Houses Removal Houses
I nterior Sanples 0. 292 -0.708
Exterior Sanpl es 0. 215 -0.785

In order to obtain the corresponding estimtes for typical
E/E or typical renoval houses, multiply the geonetric nean for a
typi cal abated house by the ratio estimate in colum five of
Table 4-4, 4-5, or 4-6, raised to the appropriate exponent in
Table 4-7. For exanple, to obtain the estimte of average |ead
concentration on floors of E/E houses, multiply (4-1) by the
estimate of the ratio of levels in E/E houses to those in renoval
houses (fifth colum of Table 4-5) raised to the exponent for E/E
houses in Table 4-7:

141.1 (pg/g) x 1.30%%2 = 152.3 (ug/ Q).

To obtain the estimate for renoval houses, nmultiply (4-1) by the
estimate of the ratio of levels in E/E houses to those in renoval
houses (fifth columm of Table 4-5) raised to the exponent for
removal houses in Table 4-7:

104



141.1 (pg/g) x 1.30%7% = 117.2 (ng/ Q).

Analysis of Random Effects

The | ast three colums of Tables 4-4 through 4-6 provide
estimates of the house-level, rooniside-level (side refers to
side of house in the case of soil sanples), and residual error-
| evel variance conponents, after correcting for nodel ed factors.
Only in the case of vacuum fl oor sanples and soil sanples were
the roon si de-|evel variance conponents estinable. The val ues
presented are given as standard deviations of the |og-transforned
responses. Except in the case of residual standard deviation,
each estimate is followed by its standard error estinmate and a
test of significance that the |og standard devi ati on equal s zero.
Figures 4-5, 4-6, and 4-7 display the estinmates of these variance
conponents. The variances are summed and stacked in these plots
providing an estimte of overall uncontrolled variance in the
measures. Interesting points to note regarding the variance
estimates are the foll ow ng:

. There was nmuch nore variability in | ead concentration
observed in w ndow channel and w ndow st ool sanples
t han any ot her sanpl e type.

. Anmong soil sanple types, randomvariability was
greatest at the entryway and smallest at the
f oundat i on.

. The greatest relative variability in dust |ead | oadings
was observed for air ducts, w ndow channels, and w ndow
st ool s.

. The greatest relative variability in dust |oading was

observed for air ducts.
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One of the considerations in interpreting these variance
conponents is that different nodels were fit to different sanple
types. Therefore, for sone sanple types, nore factors are
controlled. For exanple, nore factors were controlled in the
case of foundation soil sanples than any of the other soi
sanples; in particular, this was the only sanple type for which
XRF neasures fromthe HUD Denonstration were included.

Effects of Secondary Abatement Factors

Tabl e 4-8 di splays estinmates of the effects of secondary
abatenent factors found to be significantly associated with | ead
|l evels for at |east one of the sanple types. Each factor is
foll owed by a description of the nom nal |evel of the factor
The geonetric means displayed in Table 4-4 through 4-6 shoul d be
interpreted as though levels of these factors were fixed at the
nom nal levels. The third columm of Table 4-8 describes the
deviation fromnomnal with which the nmultiplicative effects in
the last three colums are associated. The fourth colum of
Tabl e 4-8 di splays the sanple types for which each of these
factors was significant. The |last three columms display the
estimated nultiplicative effects of the stated deviations of
these factors on | ead | oadi ng, | ead concentration, and dust
| oading. Two asterisks are placed in the multiplicative effect
box for each response where the association was significant at
the 5 percent level. As explained in Section 3, a factor was
included in the nodel if it was found to be significant at the 10
percent level for either |ead |oading or |ead concentration.
However, in Table 4-8, all factors indicated as significant were
actually significant at the 5% Il evel - except in three cases,
whi ch are noted by single asterisks.

For exanple, the estinated geonetric nmean | ead concentration
on wi ndow channel s i n unabated houses (Table 4-5) was 851. The
anmount of interior abatenment perfornmed and the specific renoval
met hod used were found to be significant for this conponent. To
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estimate the average concentration in abated houses with tw ce as
much abatenent - holding all other factors at the nom nal |evel -
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Table 4-8. Multiplicative Effects of Secondary Abatement Factors
(@D) ) A) (C)) Multiplicative Effect
(©) (©) €))
Factor Nominal Deviation Sample Type
Lead Lead Dust
Loading Concentrati Loading
on
Total Interior Square 282 for Typical E/E Double square feet abated Floor (E) 0.97 (E) 1.03 (E) 0.95
Feet Abated 61 for Typical (Vacuum) (R) 1.17* (R) 1.16** (R) 1.03
Removal
180 for Typical WindOW 1.29 1.34** 0.96
Abated Channel
Window 1.46** 1.22 1.19
Stool
Total Exterior Square 628 for Typical E/E Double square feet abated Window 0.49** 0.59** 0.83
Feet Abated 260 for Typical Channel
Removal
519 for Typical
Abated
Foundation NA 0.66** NA
Room Removal Method Fxk Window *x *x *
< Chemical Stripping 15% +10% Channel 0.74 0.95 0.77
< Removal/Replace 15% +10% 1.10 1.11 0.99
= Heat Gun 30% +10% 1.09 1.27 0.86
= Removal 40% +10% 1.00 1.00 1.00
Abatement Contractor NA NA Air Ducts *x
A (3 units) 0.55 2.34 0.24
B (15 units) 1.01 0.77 1.36
e C (13 units) 0.78 0.91 0.83
e D (4 units) 3.35 1.81 1.87
Phase of Abatement NA NA Floor * NA NA
e 1 (13 units) (wipe) 1.57
e 2 (13 units) 0.65
= 3 (9 units) 1.01




Last XRF measure at 0.10 for control
sample location during 0.44 for abated
HUD demonstration

Double XRF reading

Foundation

NA

1.16**

NA

* Significant at the 10% level but not at 5% level. For groups of factors,

related.

*x Significant at the 5% level.

Fekk Estimates reflect expected change due to 10% increase in specified removal method.

indicates that the group as a whole is significantly

[Sum must equal 100%.7]

olalaied For abatement contractor and phase of abatement effects, estimates reflect difference from observed overall average for use of

specific contractor or abatement performed in specific phase, e.g.,

percent of the (geometric) average across contractors.
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multiply the geonetric nmean from Table 4-5 (851 pg/g) by the
rati o of abated houses to unabated houses (0.98, from colum four
of Table 4-5) and by the estimted effect of doubling square
footage abated, 1.34, displayed in Table 4-8. That is

851 x 0.98 x 1.34 = 1117.5 pg/g. (4-2)

One nust note that this is an estimate for the "typical" abated
house, which has (fromthe second colum of Table 4-8) 180 square
feet of interior abatenment, and from Table 3-2, 67 percent of
this abatenment performed by E/E nethods. To adjust this estimte
for homes abated prinmarily by renpval nethods where 122 square
feet were abated (61 tines 2), sinply nultiply estimate (4-2) by
t he adj ustnent required for wi ndow channels in renoval houses:

1117.5 (png/g) x 1.46°°°%8 = 855 ug/g .

On floors, the inpact of increased abatenent was significantly
different for houses abated by E/ E nethods conpared to houses
abated by renoval nethods. |In particular, at E/ E houses, there
was little effect observed for increased abatenent. But at
houses abated by renoval nethods, greater |ead concentrations
were found in the dust in houses where nore abatenent was
performed. Thus, an estimte of average |ead concentration on
the floors of houses abated primarily by renoval methods with
tw ce as nmuch abatenent as was typical for renoval houses is a
fol | ows:

137 x 1.03 x 1.300%7 x 1.16 = 136 pg/g .

average level in effect of twice the

typi cal renoval house aver age abatenent for
removal houses

Estimating the effect of deviating fromthe nom nal |evels
of abatenent by specific renoval nethods is nore conplicated,;
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each of the deviations needs to be accounted for. For exanple,
the nultiplicative adjustnment to | ead concentrati on necessary to
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describe levels in an abated room of an abated house in which 50
percent of the renoval was done with a heat gun and 50 percent
was done by chem cal stripping, would be

(0.95)35 (1.11)"%5 (1.27)2 (1.00)* = 1.15.

The nunbers in parenthesis conme fromthe sixth colum of Table 4-
8, and relate to the interior renoval abatenent nethod: 0.95 for
chem cal stripping, 1.11 for renove/replacenent, 1.27 for heat
gun, 1.00 for renoval. The proportion abated by renoval is
inplicitly defined by specifying the proportion abated by the
other three nethods. Therefore, renoval does not have to be
accounted for explicitly; it is only presented here for clarity.
The exponents in the equation describe the percentage of each

met hod used as it deviates fromthe nom nal level. The exponent
3.5 represents three and one half "deviations” fromthe nom nal
percent age of 15% the exponent -1.5 represents negative one and
one half deviations fromthe nom nal percentage of 15% the
exponent 2 represents two deviations fromthe nom nal percentage
of 30% and the exponent -4 represents negative four deviations
fromthe nom nal percentage of 40%

By the nmethod of variable screening used, every factor
represented in Table 4-8 is significant for either |ead |oading
or | ead concentration. It is interesting to note that al nost
every significant factor had a significant inpact on |ead
concentrations. The exceptions were phase of abatenment for floor
w pe sanples (for which there was no concentrati on neasured) and
total interior square feet abated for wi ndow stools. Appendix C
contains the detailed nodel fitting results listed by sanple type
and response.

Sone inportant itens to note regarding the effects of these
secondary abatenent factors are:
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. Houses with | arge amounts of interior abatenment were
associated with higher lead levels on floors (see
di scussi on bel ow), w ndow channel s and w ndow st ool s.

. Houses with | arge amounts of exterior abatenment were
found to have | ower | ead | oadi ngs and concentrations in
wi ndow channel s, and | ower |ead concentrations in
foundati on soil sanples.

. Hi gher | ead concentrations in foundation soil sanples

were found at houses with higher XRF/ AAS readi ngs
during the HUD Denonstration.

4.2_2 Analyses of Abatement and Random Effects by Sample Type

The previous section summari zed nodeling results across all
sanpl e types collected. This section breaks down these nodeling
results into nore detail ed discussions for each sanple type
separately. In this discussion of each sanple type, an effect is
described as "statistically significant”" if its observed
significance level, or p-value, is less than 5 percent (or
0.0500). Effects with observed significance | evel between 5 and
10 percent are noted below, with their associated p-val ue, but
are not declared statistically significant.

Dust Samples

Thi s subsection presents nodeling results for all |ocations
at which dust sanples were coll ected.

Air Ducts. There were higher levels of lead in air ducts of
abat ed houses than in unabated houses, and | evels were higher in
houses abated by the E/E nethods than by the renoval nethods.
Lead | oadi ngs were al nost five tines higher and | ead
concentrations were 60 percent higher in abated hones. Lead
| oadings in typical E/E houses were four tines higher than in
typi cal renoval houses. Concentrations were only twi ce as high
The above results were all statistically significant, however
unabated roons in the abated houses did not have |ead |evels

115



significantly different than those in abated roonms of the sane
houses.
House-t o- house vari ation was highest in air ducts for |ead
| oadi ngs and dust | oadi ngs. However, house-to-house variation in
air duct lead concentration was negligible. This indicates that
for air ducts, nost house-to-house variation in air duct |ead
loading is due to the differences in dust levels in these houses.
A significant association was found between the observed
| ead concentrations in air ducts and the contractors used to
performthe abatenents in the HUD Denonstrati on.

Window Channels. There was no significant difference in
| ead | evel s observed in the w ndow channel s of abated and
unabat ed houses. Nor were there differences between | ead | evels
i n houses abated by E/E and renoval nethods. However, |ead
| oadi ngs i n unabated roons of abated houses were about 40% as
high as in the abated roons of these houses.

There were significant differences in | ead concentrati on and
| ead | oadi ng associated with use of the specific renoval nethods
at the roomlevel. O the four different nmethods, heat gun use
was associated with the highest concentrations. Total square
feet abated - both interior and exterior were also statistically
significant covariates. Doubling exterior square feet abated was
associated with a reduction of |ead |oadings by half, and | ead
concentrations by 40 percent. Doubling interior square feet
abated was associated with a 34 percent increase in |ead
concentration.

Houses abated by E/E nethods typically had much nore
abat enent perfornmed than the houses abated primarily by renoval
met hods. The estimates provided are adjusted for this potential
confounding factor. A typical interior renoval house is defined
as having 61 total square feet abated indoors; for a typical
interior E/E house, 282 square feet of interior abatenent is
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assunmed. These nunbers are based on a regression of (log) square
feet abated on the percent abated by E/ E nethods.

W ndow channel s and wi ndow stools were associated with the
greatest total variation in lead levels. The variation was
particularly notable for |ead concentrations (see Figures 4-5 and
4-6) .

Window Stools. Neither differences between | ead | oadi ngs
nor | ead concentrations in abated and unabated houses was
statistically significant. Although geonetric nean | ead | oadi ngs
were about twice as high on wi ndow stools of abated houses than
they were in unabated houses, there was also large variability
observed in the results. Lead |oadings were 2.5 tinmes as high on
w ndow stools in the average E/E house as in the average renpva
house. Lead concentrations were about 1.8 tinmes as high in these
houses. These results were not significant at the 5% evel.
There were no significant differences in dust |oadings between
t hese houses. Although lead |evels were about a third [ower in
unabat ed roons of abated houses, the differences were not
statistically significant.

Floor (Wipe). Abatenent nethod was the only abatenent
ef fect which was estimated for floor |ead | oadings fromw pe
sanpl es. Although levels were slightly ower in E/E houses, no
significant differences were found.

Random house-t o- house variation was statistically
significant for this sanple type, but it was noderate in
magni tude. The estimated residual |og standard devi ati on was
smal l est for this sanple type, but this requires sone
expl anation. By design, the floor w pe sanples were taken to
conpare with the floor vacuum sanples (see Section 6). Two side-
by-si de sanpl es were taken per abated house. Thus, the residual
| og standard deviation is really a nmeasure of side-by-side sanple
variability. This is in contrast wwth the other dust sanple
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types for which the two sanpl es per house were often taken from
di fferent roons.

The houses abated in the HUD Denonstration in Denver were
abated in three different phases according to the magnitude of
abatenent required. The worst houses were abated first. Table
4-8 indicates higher lead | evels were found in hones abated in
the first phase than in the second phase, wth levels in the
third phase about average.

Floor (Vacuum Samples). About tw ce as many floor (vacuun)

sanpl es were taken as for any other sanple type in the study. No
statistically significant contrasts were observed for the primary
abat enent effects, but there were higher |evels of dust on the
fl oors of abated houses (p=.089) contributing to higher, but not
significantly higher (p=.105) |lead |oadings in these houses.
Lead | oadi ngs in houses abated by E/E nethods were twi ce as high
as in renoval houses (p=0.53), due to a conbination of slightly
hi gher | ead concentrations and slightly higher dust |oadings in
t hese houses.

There was a significant rel ationship observed between the
total square feet abated indoors and | ead concentration (see
Table 4-8). But this relationship depended on whether the
abatenent was primarily E/E, or primarily renoval. Houses where
a |l arge amount of abatenent was perfornmed primarily by renoval
met hods were associated with significantly higher |ead |evels.
Doubl i ng square feet abated indoors was associated with about 16%
hi gher concentrations and 17% hi gher lead loadings. In E/E
houses this difference was only about 3% for concentration and
negative 3% for |oading. These differences were not
statistically significant.

There were negligi bl e random house-to-house differences in
both | ead | oadi ngs and | ead concentrations for floor sanples.

Al t hough not significant, there were differences present in dust
| oadi ngs. There were significant roomto-roomdifferences within
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houses for | ead | oadings, |ead concentrations, and dust | oadi ngs.
It is interesting to note that in Figure 4-5, the roomto-room
vari ance conponent al one for vacuum floor sanples is greater than
the estinmated total variance for the correspondi ng w pe sanpl es.
(In the figure, the roomto-roomvariance conponent is
represented by "Location"). Another practical note illustrated
by this figure is that the residual |og standard deviation
estimate (the within-roomconponent) for vacuum floor sanples is
| arger than that for w pe floor sanples. However, in sone cases,
repeated vacuum fl oor sanples taken within the sane room were
taken fromdifferent locations within the room as opposed to

119



si de-by-side as were the wipe floor sanples. Thus, this standard
devi ation includes within-roomvariation, whereas, the floor w pe
resi dual standard deviation does not. A conplete discussion of

t he wi pe and vacuum sanpl e conparisons is presented in Section 6.

Interior Entryway. There was no significant difference
observed in | ead | evels anong the three categories of hones. Nor
was there a significant unabated roomeffect in abated hones.

Per haps the nost interesting thing to note about these
sanples is the corrected geonetric nean | ead | oading. The
estimated | ead | oading for interior entryways in unabated houses
is 12 tinmes higher than that for regular floor (vacuum sanples.
This difference is due to only a 33% difference in | ead
concentration, but a nine-fold difference in dust | oading.

Al though it was not statistically significant, there was
random house-t o- house variation in | ead concentration, but not in
| ead | oadi ng or dust |oading. Residual |og standard deviation
was relatively large for lead | oading. The residual variation
primarily represents differences between entryways within the
sanme house.

Exterior Entryway (Dust). Although not statistically
significant, there were differences in lead |loading in the dust
outside the entryways sanpled. Lead |oadings in abated houses
were nore than twice as high (p=.07) as outside unabated houses.
These differences were due to significantly higher dust |evels at
t he abated houses (p = .03), not to higher concentrations of |ead
in this dust. There was no difference observed in | evels abated
by different nethods.

There was random house-to-house variation (p=.076) in |ead
| oadi ng at exterior entryways. This was due to random vari ati ons
in |ead concentration (p=.097), not to dust |oading variations.
Resi dual | og standard deviation was very large for |ead | oading
(as for the interior entryways).
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It is interesting to note that the average |ead
concentrations for interior and exterior entryway sanples at
unabat ed houses were alnost identical. D fferences between
abat ed houses and unabated houses were only observed on the
exterior.

Soil Samples

The strongest relationshi ps between | ead concentrations and
abatenent were seen in soil sanples. Lead concentrations were
hi gher outside abated houses than outside unabated houses.
Controlling for all covariates, |ead concentrations outside
unabat ed houses were hi ghest at the entryway. There was
significant side-to-side variation for each of the nmeasures and
significant house-to-house variation for boundary sanples. The
greatest total variance was observed for entryway sanples. Side-
by-side variation was | argest at the entryways.

Entryway (Soil). Although not statistically significant,
the soil outside entryways of abated houses had average | ead
concentration about 50% hi gher than outside unabated houses
(p=.087). Average |levels at unabated houses were estimted at
126 pg/g. Random house-to-house variability in entryway soil
| ead concentrations was not statistically significant, but there
were significant random differences between | evel s observed at
different entryways to the sane houses.

Boundary Soil. Soil concentrations at the boundaries of
unabat ed houses were 86 pg/ g on average. At abated houses,
concentrations were nore than 60% higher. This was very
significant. Differences observed between | evels at houses
abated by different methods were not significant.

There was significant random house-to-house vari ation, and
significant side-to-side variation.
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Foundation Soil. 1In soil, the greatest difference between
| ead concentrations in abated houses and unabat ed houses was seen
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at the foundation. Lead concentrations were 82 percent higher in
the soil near foundations of abated houses than at unabated
houses. This difference was statistically greater than the
correspondi ng difference at the boundary, supporting clains that
contrasts nay at least in part be due to the presence of |ead-
based paint at the abated houses.
Di fferences observed between | evels in houses abated by
di fferent nethods were not significant. Also, |ead
concentrations were significantly lower in the foundation soil of
houses with nore than average abatenent performed on the
exterior. Houses where twi ce as nuch abatenent was perforned
outside were found to have 34% | ower | ead concentrations.
House-t o- house differences were not significant, but side-
to-side variation was significant. There was a strong
correl ation between the foundation soil |ead concentrations
observed in the CAP Study and the XRF/ AAS neasures taken during
the HUD Denonstration. This relationship is displayed in Figure
4-8. In this figure, lines of best fit are drawn separately for
control and abated houses. Although |ead concentrations are
hi gher on average in abated houses than in unabated houses, there
is evidently a simlar relationship between | ead concentration
and XRF neasures for both groups of houses.

4.2_.3 Analysis of Non-Abatement Factors

Tabl e 4-9 di splays the effects of non-abatenent factors
found to be significantly associated with lead | evels. These
i ncl uded substrate, questionnaire responses, age of the house,
etc. The format of the table is simlar to Table 4-8 with an
initial colum added to distinguish between classes of rel ated
factors. These cl asses include substrate, cleanliness,
occupation, activities, ownership, and sanpling deviations.

None of these factors was found to be significant for nore
than three sanple types. For every sanple type, |ead |oading or
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| ead concentration was observed to be significantly associ ated
with at | east one of these factors at the 10 percent significance
| evel .

The substrate from which sanples were coll ected was a
significant factor for wi ndow channels, floors, and interior
entryways. This is displayed in Figure 4-9 for floors with a box
and whi sker plot. (The sane format is used in this plot as was
used in Section 2 plots.) The corrected geonetric neans
presented in Tables 4-4 through 4-6 are to be interpreted as the
mean across substrate weighted by their observed relative
frequency in the study. Table 4-9 indicates the distribution of
the substrates encountered in this study. For regular floor
sanpl es, carpet and |linoleumwere nost prevalent. For interior
entryways, carpet was nost often observed. Wod was the nost
preval ent substrate in wi ndow channels. Table 4-9 presents the
ratio of |evels observed for each substrate relative to the
aver age.

In general, on the floors (including interior entryways),
carpet had hi gher dust |oadings than any of the other sanple
types. (Al though the dust |oadings were highest on concrete,
only four sanples were collected on that substrate.) Lead
concentrations were typically highest on wood (excl uding
concrete) for all of the sanple types where substrate was found
to be significant. Lead | oadings were higher on wood than on
carpet for regular floor sanples, but the opposite was true at
the entryways. The condition of the substrate was al so
significant, wth damaged, peeling, and chal ki ng substrates noted
for higher |ead concentrations.

Sanpling deviations were also significant factors. On sone
air ducts, the cover was not renovable and so a sanple was
taken fromthe cover. These sanples had one quarter of the dust
| oadi ng and | ower | ead concentrations as conpared with regul ar
sanpl es taken frominside the air ducts. For sonme w ndow stoo
and sonme w ndow channel sanples a small nozzle was used on the

125



end of the vacuum sanpler. Lead concentrations and dust | oadi ngs
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Table 4-9.

Multiplicative Effects of Non-Abatement Factors

Multiplicative Effect

2 Nunber

significant.

Type of
Explanatory Sample Lead Lead Dust
Variable Factor Nominal*-? Deviation® Type Loading Concentration Loading
Substrate Substrate Type Observed average Window * * *
across substrates Wood (44) Channel 1.94 1.67 1.14
Concrete (1) 0.93 6.45 0.15
Metal (33) 0.62 0.55 1.14
Plastic (5) 0.07 0.37 0.19
* NA NA
Concrete(1) Floor 24.19
Linoleum(38) (Wipe) 0.84
Tile(8) 0.66
Wood(18) 1.44
Floor * * *
Carpet (84) (Vacuum) 2.22 0.79 2.76
Concrete (4) 27.52 3.44 8.96
Linoleum (85) 0.31 0.87 0.35
Tile (20) 0.27 0.94 0.29
Wood (40) 3.22 2.04 1.63
Entryway * *
Carpet (47) (Interior 2.79 0.99 2.89
Linoleum (26) D 0.43 0.93 0.43
Plastic (2) 0.02 0.76 0.02
Tile (7) 0.08 1.07 0.07
Wood (8) 0.97 1.33 0.77
Substrate Condition Good (82) Air Duct * * *
Damaged (1) 41 1.5 28
Peeling (3) 28 6.7 2.5

1 Wei ghted by observed relative frequenci es.
i n parentheses represents the nunber of sanples collected in this manner.
* Significant at the 10% I evel

For group of factors,

* indicates that the group as a whole is




Table 4-9. (Continued)

Multiplicative Effect
Type of
Explanatory Sample Lead Lead Dust
Variable Factor Nominal*-? Deviation® Type Loading Concentration Loading
Good (48) Window *
Chalking (2) Channel 1.78 3.16 ;
Peeling (33) 3 06 2 71 1 17

1 Wei ghted by observed relative frequenci es.

2 Nurmber in parentheses represents the nunber of sanples collected in this manner.

* Significant at the 10% Il evel. For group of factors, * indicates that the group as a whole is
significant.
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Table 4-9. (Continued)
Multiplicative Effect
Type of
Explanatory Sample Lead Lead Dust
Variable Factor Nominal*-? Deviation® Type Loading Concentration Loading
Cleanliness Frequency of vacuuming 12 times/mo 6 additional Floor 1.02 1.03* 1.00
uncarpeted floors times/mo (Vacuum)
Entryway 1.06* 1.06* 0.99
(Interior
)
Entryway 1.00 1.05* 0.96*
(Exterior
)
Frequency of wet mopping 12 times/mo 6 additional Air Duct 0.97 0.98* 0.98
uncarpeted floors times/mo
Frequency of window sill 1 time/mo 1 additional Air Duct 0.99 1.03* 0.96
dusting time/mo
Occupation Wearing home work clothes from No Yes Window 2.96* 1.45 2.01*
an occupation with potential Stool
lead contamination
Entryway NA 0.66* NA
(Soil)
Resident employed in welding No Yes Floor 9.08* 3.72* 2.49*
occupation (Vacuum)
Foundatio NA 1.82* NA
n
Resident employed in salvage No Yes Boundary NA 1.13* NA
occupation

1 Wei ghted by observed relative frequenci es.
i n parentheses represents the nunber of sanples collected in this manner.

2 Nunber
* Significant at the 10% I evel

significant.

For group of factors,

* indicates that the group as a whole is




Table 4-9. (Continued)
Multiplicative Effect
Type of
Explanatory Sample Lead Lead Dust
Variable Factor Nominal*-? Deviation® Type Loading Concentration Loading
Resident employed in paint No Yes Boundary NA 0.40* NA
remaoval _occupation

1 Wei ghted by observed relative frequenci es.

2 Nurmber in parentheses represents the nunber of sanples collected in this manner.

* Significant at the 10% Il evel. For group of factors, * indicates that the group as a whole is
significant.




Table 4-9. (Continued)

Multiplicative Effect
Type of
Explanatory Sample Lead Lead Dust
Variable Factor Nominal*-? Deviation® Type Loading Concentration Loading
Activities Frequency of removing paint at Never in last 6 1 additional Entryway 1.06 1.10* 0.97
home months time per 6 (Interior
months ))
Foundatio NA 0.85* NA
n
Frequency of pipe or electrical Never in last 6 1 additional Boundary NA 1.32* NA
component soldering months time per 6
months
Ownership Number of children (7-17) 0 1 additional Entryway 0.64* 0.81* 0.78*
child (Interior
)
Foundatio NA 0.32* NA
n
Ownership of home Owner Renter
Floor 0.58* N/A N/A
(Wipe)
Number of months at residence 18 1 month longer | Foundatio NA 0.94* NA
n
Year house was built 1943 for unabated 10 years newer Entryway NA 0.90* NA
1926 for abated (Soil)
Foundatio NA 0.77* NA
n
Boundary NA 0.83* NA
Number of Pets 0 1 additional Floor 1.02 0.82* 1.27*
pet Gacuum)

1 Wei ghted by observed relative frequenci es.

2 Nurmber in parentheses represents the nunber of sanples collected in this manner.

* Significant at the 10% Il evel. For group of factors, * indicates that the group as a whole is
significant.
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Table 4-9. (Continued)

Multiplicative Effect

Type of
Explanatory Sample Lead Lead Dust
Variable Factor Nominal*-? Deviation® Type Loading Concentration Loading
Sampling Sampling Location Inside Air Duct Cover of Air Air Duct 0.18* 0.78 0.26*
Deviations (48) Duct (38)
Sampling Device Large Nozzle Small nozzle Window 3.47* 1.56 2.14*
(60) (26) Channel

1 Wei ghted by observed relative frequenci es.

2 Nurmber in parentheses represents the nunber of sanples collected in this manner.

* Significant at the 10% Il evel. For group of factors, * indicates that the group as a whole is
significant.
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were greater for these sanples than for those collected with the
| ar ge nozzl e.

A der hones had higher soil |ead concentrations than newer
homes for all three soil sanple types. This is denonstrated for
boundary sanples in Figure 4-10. Abated and unabated hones are
identified in this figure wwth a different regression |line
plotted for each class of homes describing the relationship
bet ween house age and | ead concentration in the soil. As was the
case for XRF neasures, average |lead concentration is higher in
t he abated houses than in the unabated
houses, but the relative increnment due to age is simlar in both
groups of houses.

Houses where pipes or electronic parts were soldered within
the last 6 nonths had 33% hi gher | ead concentrations. O her
significant factors were less intuitive. For instance, |ower
| ead concentrations were observed in boundary soil of houses
where residents are enployed in a paint renoval occupation. For
conpl eteness, all factors significant at the 10% | evel are
represented, even if they do not appear to be intuitive.

Al t hough past studies (EPA, 1995b) have docunented seasonal
variation in environnental -lead | evels, data was collected for
this study during an interval of five weeks during March and
April 1992. Therefore, it was not necessary to control for
seasonal variations in conparing abated to unabated houses.
However, in conparing average |levels observed in this study to
those in other studies it mght be inportant to conpare the tines
of year in which sanpling was perforned.

Sone caution needs to be applied in the interpretation of
significant effects. For exanple, there were two houses in which
the resident interviewed stated that the uncarpeted floors were
vacuuned every day. In these houses, |ead concentrations were
significantly higher in exterior entryway sanples at these
houses. This relationship is portrayed in Figure 4-11. \ereas
t he frequency of vacuum ng uncarpeted floors was found to be
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significantly associated with | ead concentrations for these
sanpl e types for the houses in the study, when the two houses
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di scussed above were excluded the factor was not observed to be
significant. However, in the results presented, data fromthese
two houses were incl uded.

There were three houses at which a resident was enployed in
an occupation where wel ding was perforned. Lead concentrations
and dust | oadings were significantly higher at these houses than
at others. Two of these were abated and one was an unabat ed
house.

4_.2_.4 Non-Abatement Effects by Sample Type

Dust Samples

Alr Ducts. One hundred nine (109) air duct sanples were
collected. Two of the 109 air duct sanples were taken from
baseboard-type heating el enments and two others were taken from
cold-air returns. There were differences between results of
t hese and other types of sanples. To avoid maki ng unsubst an-
tiated concl usi ons about the inpact of these deviations and to
sinplify interpretation, these four sanples were deleted fromthe
anal yses. Due to common difficulties in renoving covers fromair
ducts, 46 of 109 sanples were taken fromthe exterior fins or
grates covering the air ducts. The remaining 59 sanples were
taken frominside the air ducts. This had a significant inpact
on the results. The substrate condition was al so observed to
have a significant effect. Table 4-9 presents estimtes of these
effects.

Lead | oadi ngs were substantially |lower in sanples taken from
the exterior grates. This was mainly due to significantly | ower
dust | oadi ngs, but concentrations were also slightly | ower
(though not significantly lower). One air duct was damaged and
three air ducts had peeling substrates. Lead |evels were
significantly higher on the damaged and peel i ng substrates.

Lead concentrations were |lower in houses where there was
frequent wet-noppi ng of uncarpeted floors. |In houses where the
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w ndow stools were frequently dusted, there were higher
concentrations in the air ducts.

Window Channels. Substrate and condition of substrate were
i nportant factors associated with lead |levels in w ndow channel s.
Thirty-three (33) of the channels were nade of netal; 44 were
made of wood. Differences in |ead concentrations and | ead
| oadi ngs on these were significant. Lead |oadings were al nost
40% | ower than average on netal. Conditions of these substrates
were primarily either good or peeling. These differences were
shown to have an association with | ead concentrations. On
peeling surfaces, concentrations were alnost three tinmes as high
as on channel s which were intact.

Twenty-seven (27) percent of the w ndow channel sanples were
taken with the small nozzle attached to the vacuum Lead
| oadi ngs were estimated to be three and one-half tines higher in
t hese sanpl es.

Window Stools. Significantly higher |ead | oadings were
observed in houses where a resident wore work cl othes hone from
an occupation with potential |ead exposure. Lead concentrations
in these houses were not significantly higher, but dust | oadings
wer e hi gher.

Interior Entryway. The nost influential variable for |ead
| oadi ng appeared to be substrate, w th highest |oadings observed
in sanples taken fromcarpets. Mst of the sanples were taken
fromcarpet and linoleumw th fewer taken on tile and wood
floors. Lead | oadings were about six tinmes higher on carpet than
on linoleum three tines higher on carpet than on wood; and nore
than 30 tinmes higher on carpet than on tile. The differences
were attributed to greater |evels of dust retained by the carpet,
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since there were no significant differences in concentrations
anong these substrates.

There were sonewhat hi gher |ead | oadings and concentrations
in homes where there was nore frequent vacuum ng of uncarpeted
floors. The difference in |ead concentration was about 6 percent
for a 50 percent increase in frequency of vacuum ng. Hi gher
concentrations were observed in houses where paint renoval was
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recently done. Lower |oadings and concentrations were observed
i n houses where there were nore children between the ages of 7
and 17.

Exterior Entryway (Dust). Aside from abatenent, only
frequency of vacuum ng uncarpeted floors was found to be
significantly related to levels of lead in the dust outside the
entryways to these hones. Lead concentrations were found to be
hi gher in houses where vacuum ng of uncarpeted floors was nore
frequent. Dust levels were |lower in these houses. These two
rel ati onshi ps conbined to yield no associ ati on between the factor
and | ead | oadi ng.

Floor (Wipe). Substrate was found to be an inportant
determnant in lead |oading for w pe sanples. Mst sanples were
collected fromlinoleum (38) and wood (18) floors. Loadings were
about 50 percent higher on wood than on Iinoleum (Lead | oadings
on wood were al so higher than on linoleumfor floor sanples
coll ected by vacuum) Also, rented hones had | ead | oadi ngs on
fl oors 42 percent |ower than those in owner-occupied hones.

Floor (Vacuum). Perhaps the nost significant factor
associated wwth floor lead | evels was substrate. Mst of the
sanpl es were taken on carpet (84), l|linoleum (85), wood (40), and
tile (20). O these, dust |oading was greatest on carpets. Lead
concentrations were simlar on carpet, linoleum and tile, but on
wood they were over two tinmes as |large. Hence the highest |ead
| oadi ngs (excluding four sanples taken on concrete) were on wood.
Lead | oadi ngs were about 50 percent higher on wood than on
carpet, and were nuch |ower on |inoleumand tile.

I n houses where uncarpeted floors were vacuuned nore
frequently, there were higher |ead concentrations. Honmes in
whi ch a resident was enployed in welding had | ead concentrations
al nost four tines as large as in honmes which did not. |In those
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sanme houses, dust | oadings were nore than tw ce as high,
contributing to | ead | oadings nore than nine tines as great.

The presence of pets was also found to be significantly
related with the concentrations of lead in the dust on the floors
of these houses. Lead concentration was 18 percent |ower and
dust | oadi ng was 27 percent higher in these houses. Lead | oading
was about the sanme. Thus, owning pets nmay increase the anount of
dust present w thout significantly influencing the anount of
| ead.

Soil Samples

Entryway Soil. House age was found to be related to | ead
concentration in soil outside the entryways of these houses.
Lead concentrations were |lower in newer houses. The relative
difference in soil |ead concentration at the entryways of these
houses was about 10 percent for every ten years difference in
age.

There was also a difference observed between | ead
concentrations in entryway soil at houses where a resident
brought work cl othes honme from an occupation with potential |ead
contam nation. Honmes with these types of residents had | ead
concentrations about 34 percent | ower.

Foundation Soil. Several factors were significantly
associated wth | ead concentrations in foundation soil. Most of
t he significant non-abatenment factors were related to ownership
of the home. d der houses had hi gher concentrations. A ten-year
difference in age was associated with a difference of 23 percent
in |ead concentrations near the foundation. However, l|lead |evels
were | ower in houses where the residents have lived |onger since
abatenent. A house occupied one nonth | onger than the nom nal
period of 18 nonths had an estimated 6% | ower |ead | evel.
Controlling for the other factors, |ead concentrations around
homes rented by their residents were only about a third as high
as around those honmes owned by their residents.
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Anot her factor found to be significantly associated with
| oner | ead concentrations was recent paint renoval at the house.
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Al so, |ead concentrations were alnost twice as high around houses
where a resident was enployed in a wel ding occupation.

Boundary Soil. Lead concentrations in boundary soil were
significantly associated with the age of the house. An increase
in age of 10 years was associated with an increase in |ead
concentration of about 20 percent. FromFigure 4-10, it is
apparent that |logarithmof |ead concentrations increased fairly
l[inearly with age of house.

Three hones were observed in which a resident was enpl oyed
in an occupation involving paint renmoval. |In these hones, |ead
concentration was significantly |lower (60 percent lower). There
was al so a significant association found between | ead
concentration in boundary soil and the frequency with which pipes
or electronic parts were soldered in the last 6 nonths. Levels
were significantly higher in houses where soldering activity
occurred. Finally, houses where a resident was enployed in an
occupation invol ving sal vage had hi gher boundary | ead
concentrations.
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